is given in nanoteslas. Each power spectrum was estimated from 60 sequential independent (nonoverlapping) data points. In order to assure good spectral estimates we required that 75 % or more of the data points in each spectrum estimate (i.e., 45 or more out of 60 data points) be good. Otherwise, the spectrum estimate is rejected. Any data gap, which should be less than 25 % of total data points for any given interval, was filled by linearly interpolating between the good data points. The MWAs of different components of the magnetic field were calculated when the ISEE spacecraft was inside of the magnetosphere as verified by visual inspection of the data. When the spacecraft moved close to the Earth, the magnetic field was dominated by the Earth's dipole field. We stopped the spectrum calculation when the total magnetic field exceeded 200 nT; this corresponds to the field strength somewhat inside of the 6.6 RE synchronous orbit. Selection of 200 nT is arbitrary, but it guarantees the spectrum calculation stops inside the synchronous orbit. Further inward from the synchronous orbit, the magnetic field increases rapidly with decreasing radial distance. In a region with field strength above 200 nT, compressional waves are usually absent and the rapid variation of the ambient field strength along the spacecraft trajectory interferes with the detection of small perturbations.
INTRODUCTION
The study of ultralow frequency (ULF) waves in space plasmas has a long history with its origins in the study of ground magnetic pulsations in the last century [Stew- waves generated in the magnetosphere produce perturbations that are readily detected by ground magnetometers, although they may be screened or distorted b.y ionospheric conductivity [Hughes, 1974] and ionospheric inhomogeneity [Poulter and Allan, 1985] . However, t:he purely fast compressional wave mode is typical of Other large-scale wave perturbations that carry no field-aligned current and are reflected effectively at the foot of the field line [Kivelson and Southwood, 1988] . Only a [ransverse signature can be detected at ground level. Thus wave surveys that rely on ground magnetometer measurements could be incomplete and may ß fail to identify interesting wave modes. Radar studies of wave events, however, provide complementary data that increases the value of ground based observations [Allan et al., 1983a, hi. ULF wave activity is evident in the events shown near dawn and dusk. The spikelike perturbations near the magnetopause for the event near noon were caused by multiple magnetopause crossings and are not pulsations inside the magnetosphere. When the spacecraft trajectories were near midnight sector, there was not much wave activity. This paper presents results of a full statistical survey of wave power in the outer magnetosphere based on more than i year of ISEE magnetic field measurements and plasma moment data. The purpose of this study is to provide an overview of how wave power in different vector components of the magnetic field is distributed inside the magnetosphere and how the wave power correlates with the properties of the plasma and with levels of geomagnetic activity. The wave properties are compared with expectations for different wave modes thought to be relevant and are discussed in relation to probable wave generation mechanisms.
DATA AND METHOD
Fourteen months (from December 1977 to January 1979) of magnetic field and plasma data were surveyed in this study. The magnetic field data were obtained from the University of California at Los Angeles (UCLA) Magnet0meter Experiment (MAG) [Russell, 1978] allel to ZGS E. Therefore the above noted plane was very close to the G,_qE x -y plane. The moment data were averaged to 1-min resolution. We joined the two types of data at 1-min resolution as a single data set for the statistical study. There are more gaps in the FPE measurements than in the MAG data, s ø we filled in gaps in ISEE 2 FPE data with ISEE i FPE measurements if the latter were available. This substitution is justified for studies of low-frequency perturbations as the two measurements are very similar on time scales of minutes and longer because of comparatively small spacecraft separation.
We used mean wave amplitude (MWA) to characterize the statistical properties of the waves in space. MWA was defined as the square root of the sum of the power spectrum density over the frequency range from [•20 mini -1 to [2 mini -1 (the Nyquist frequency) and is given in nanoteslas. Each power spectrum was estimated from 60 sequential independent (nonoverlapping) data points. In order to assure good spectral estimates we required that 75 % or more of the data points in each spectrum estimate (i.e., 45 or more out of 60 data points) be good. Otherwise, the spectrum estimate is rejected. Any data gap, which should be less than 25 % of total data points for any given interval, was filled by linearly interpolating between the good data points. The MWAs of different components of the magnetic field were calculated when the ISEE spacecraft was inside of the magnetosphere as verified by visual inspection of the data. When the spacecraft moved close to the Earth, the magnetic field was dominated by the Earth's dipole field. We stopped the spectrum calculation when the total magnetic field exceeded 200 nT; this corresponds to the field strength somewhat inside of the 6.6 RE synchronous orbit. Selection of 200 nT is arbitrary, but it guarantees the spectrum calculation stops inside the synchronous orbit. Further inward from the synchronous orbit, the magnetic field increases rapidly with decreasing radial distance. In a region with field strength above 200 nT, compressional waves are usually absent and the rapid variation of the ambient field strength along the spacecraft trajectory interferes with the detection of small perturbations.
Because the MWA was used to characterize the statistical properties of the waves, it is essential to remove spikes from the data as they contribute spurious wave power if not removed. As can be seen from Figure 1 , multiple magnetopause crossings near the dayside magnetopause contribute one type of spike. To remove them, the ISEE 2 plasma density and the x component of the proton mean velocity Vx were used to identify measurements made in the magnetosphere. The criteria we used to identify the magnetosheath and to distinguish it from the magnetosphere were: (1) the plasma density is above 2 cm -3 and (2) the magnitude of Vx is greater than 100 km/s in the -x direction in the spacecraft frame, which is very close to the GSE frame. If the magnetopause was encountered more than once on an orbit, we always eliminated data prior to the last crossing on an inbound orbit and subsequent to the first crossing on an outbound orbit. By these criteria we may have removed some intervals within the magnetosphere near the boundary from our study, but our objective was to assure ourselves that we were keeping only intervals when the spacecraft was unambiguously and continuously within the magnetosphere. Bad data points also contribute to data spikes. We have used statistical properties of the data to remove them. One can order the data by MWA and divide it into quartiles bounded by DV1, DV2, and DV3. Here DV1 < DV2 < DV3. With such a division, DV2 is the median for the data in a given interval and the range (DV1 to DV3) contains 50 % of the data distributed on both sides of DV2. Data spikes could be defined as data that fall outside the range (DV1 to DV3). However, one can extend the range from (DV1 to DV3) to (LB to UB) where LB=DV1-N(DV2-DV1) and UB=DV3+N(DV3-DV2) with N arbitrary. Any data that fall outside the range (LB to UB) are considered as data spikes. There is arbitrariness in selecting N but it is usually taken as less than 10. We set N -3.5 in despiking data. Later we will refer to the above procedure as the despike procedure.
Using the despike procedure and the restriction for obtaining reliable spectrum estimates mentioned above (i.e., 75 % or above of good data points for a given interval are required to estimate a power spectrum) 14 months of data yielded about 1.8 thousand (1800) individual spectrum estimates. Figure 2a The MWA of the compressional waves near the two flanks of the magnetosphere has intensity near 7-8, which maps to an average amplitude 1.6-2.0 nT. This amplitude is substantially lower than the amplitude of Contour levels are quantitatively defined in Table 1 Compressional waves at the flanks of the magnetosphere are most probably generated internally by instability mechanisms for the following reasons: The compressional waves are not driven by the field line resonant effects. Field line resonances deposit power into both transverse components with the peak amplitude appearing in azimuthally polarized waves near resonant field lines. Neither can the observed compressional wave distribution be excited by surface waves near the boundary. This is because the Alfvdn velocity is too high and the wave period is too long. In the outer magnetosphere, VA is typically 1000 km/s (cf. Figure 13) . A compressional wave will have phase velocity close to VA. For a wave of 10-min period the wave length is about 100 RE in a cycle. This scale is about the scale size of the magnetosphere. This scale is incompatible with spatial localization of the wave for any wave that propagates inward from the surface. One may argue that for a surface wave the compressional wave amplitude is evanescent away from the boundary and does not propagate radially. If one takes the solar wind velocity at the magnetopause boundary to be 300 km/s, it can be estimated that a surface wave of 10-min period should have half wavelength along the magnetopause 28 RE. This is much larger than the distribution of the compressional wave in the azimuthal direction in the outer magnetosphere.
Local generation of the compressional wave within a flux tube of the magnetosphere remains as a viable interpretation of the peak amplitudes observed in the statistical study. The fact that the waves tend to be observed in regions of high/• plasma and that the wave amplitudes become small where/• falls below 1 (see Figure 4a , and Figures 9 and 14) would be consistent with internal generation, possibly through some sort of instability mechanism. Local generation of waves could occur as a result of plasma anisotropy, but the two-dimensional FPE plasma instrument does not provide the relevant measurements. However, the maintenance of pressure balance in low-frequency compressional waves usually requires the presence of some pitch angle anisotropy and the antiphase relation between P and B suggests that particles have peak pitch angle distribution near 90 deg [Kivelson and Southwood, 1985 Figure 18 shows that the dawn-dusk asymmetry reduces substantially once the wave amplitude is scaled by the phase velocity. Furthermore, from the plot one can see that the peak of this spatial distribution is located well within the magnetopause which supports the view that the waves are generated internally rather than being driven by surface waves near or on the magnetopause.
The compressional waves near the noon meridian seem to be caused by mechanisms different from that driving their counterparts near the two flanks. We inspected a There are discrepancies between the wave distributions found near the synchronous orbit in this study and in the study by McPherron [1972, 1978] .
In this study, very small wave amplitude or virtually no wave activity was observed near synchronous orbit (the inner circle surrounding the earth in Figure 9a) Figure 15 shows that the ISEE passes through synchronous orbit in the afternoon sector occurred during intervals of relatively low activity. In our analysis and interpretation of ULF waves we have not corrected for Doppler shifts and frequency [Baumjohann et ai., 1987, Anderson et ai., 1989] . This is because the Doppler shift effect is probably not important for the compressional waves in the outer magnetosphere. The principal reason is that the magnetic field strength is so low that compressional waves usually have large wavelengths. In a well-studied wave event, Lin at ai. [1988] found the wavelength of a compressional wave in the outer magnetosphere to be 10,000 km. Using similar techniques, we also found in a case study that waves in the outer magnetosphere have wavelengths of several RE (to be reported later). The typical spacecraft velocity is about 3-5 km/s, so the estimated Doppler shift is usually negligible compared with the wave frequency.
Although the ISEE spacecraft did not observe significant Pc 5 waves near geostationary orbit, the wave distributions at larger radial distances revealed some features similar to those of compressional waves at geosta- 5. ULF waves of both transverse polarizations near local noon penetrate deep into the magnetosphere and are not limited to latitudes near the magnetic equator. 6. In our data set there is a dawn-dusk asymmetry in the average compressional wave amplitude. This asymmetry is most probably caused by asymmetry in sampling regions of low Alfvdn velocity on the dawnside and duskside of the magnetosphere. When the compressional perturbations, bz are scaled by the Alfvdn velocity, the peak distribution of the quantity VAbz 2 is located well inside the magnetospheric boundary and is symmetric about the noon-midnight meridian plane.
